Using an in-house bioinformatics programme, we identified and synthesized a novel nonapeptide, H-Pro-Pro-Thr-Thr-Thr-Lys-Phe-Ala-Ala-OH. Here, we have studied its biological activity, in vitro and in vivo, and have identified its target in the brain.
Introduction
The search for new biological targets that may lead to drug discovery is an important concern for research, in both academia and pharmaceutical companies (Shenone et al., 2013) . The challenge is to identify new molecules that potently and selectively interact with protein targets to modulate their biological activity. Peptides and their protein receptors, which play critical roles in normal and pathological physiology, are among the candidates. The search for new peptides and proteins using bioinformatics has been quite popular in recent years (Hinuma et al., 2000; Amare et al., 2006; Hummon et al., 2006; Mirabeau et al., 2007) . Using an 'inhouse' bioinformatics programme, we searched in EST databases for putative natural amidated peptides, an important family of peptide hormones exhibiting remarkable biological activities. Briefly, the programme (i) translates the cDNA sequences into proteins, (ii) selects proteins containing the characteristics of an amidated peptide precursor, (iii) mimics the intracellular enzyme systems on these precursors, (iv) provides peptide sequences of amidated peptides and (v) takes away all already known amidated peptides. More than 4500 sequences of unknown amidated peptides having less than 30 amino acid residues were identified (Martinez and Goze, 1999; Camara et al., 2000) , and more than 3000 were synthesized, along with their 125 I-labelled parent peptides. They were tested for their ability to bind to guinea pig whole brain membranes, known to contain most of the neuropeptide receptors. From the parent amidated peptide, we have identified a synthetic nonapeptide of sequence H-Pro-Pro-Thr-Thr-Thr-Lys-Phe-Ala-Ala-OH (JMV3041), which was named acein and was studied for its biological in vitro and in vivo activity in the CNS. Additionally, its protein target was characterized.
Methods

Animals
All animal care and experimental procedures complied with the NIH Guidelines for the Care and Use of Laboratory Animals and were approved by the local Ethical committee.
Animal studies are reported in compliance with the ARRIVE guidelines (Kilkenny et al., 2010; McGrath & Lilley, 2015) .
Male guinea pigs (Charles River, Saint-Aubin les Elbeuf, France) weighing 200-300 g and male Sprague-Dawley rats (Charles River, Saint-Aubin les Elbeuf, France) weighing 200-225 g at the time of surgery and 300-350 g at the time of the behavioural experiments were used. Animals were housed in groups of four in a well-ventilated, temperaturecontrolled (22 ± 1°C) and humidity-controlled (50 ± 5%) environment. The animal room was maintained on a 12 h light-dark cycle (lights on at 7.30 AM). They had food and water ad libitum. Whenever possible, cell lines were used to obtain the results, instead of animals. When animals were used, they were randomly chosen and the group sizes are indicated for each set of experiments. The minimum number of animals to obtain statistically significant results was used and did not include replicates.
Peptide synthesis
All peptides were synthesized using classical Fmoc solidphase peptide synthesis (Chan and White, 2000) and characterized by HPLC and LC/MS. HPLC analyses were carried out on a Waters 996 system using a Merck Chromolith Speed Rod C-18, 4.6 × 50 mm reversed-phase column (Merck Darmstadt, Germany) . A flow rate of 5 mL·min À1 and a gradient of 0-100% B over 3 min was used (eluent-A: water/0.1% TFA, eluent-B: acetonitrile/0.1% TFA). Compounds were detected at 214 nm. The LC/MS system consisted of a Waters Alliance 2690 HPLC coupled to a Waters Micromass Quattro Micro spectrometer (electrospray ionisation mode). A Merck Chromolith Speed Rod C-18, 4.6 × 25 mm reversed-phase column was used. A flow rate of 1.2 mL·min À1 and a gradient of 0-100% B over 4 min were used (eluent-A: water/0.1% HCO 2 H, eluent-B: acetonitrile/0.1% HCO 2 H).
Radioiodination of ligands
[ 125 I]-Radiolabelled ligands were synthesised using the chloramine T method (Greenwood et al., 1963) and purified by HPLC as previously described (Leyris et al., 2011) . Briefly, acein and acein analogues were dissolved in 0.5 M PBS pH 7.5 at a 10 -3 M concentration. 10μL (37 MBq, 1mCi) of [ 125 I] NaI (PerkinElmer) was added to 10 μL of the peptide solution. The reaction was initiated by adding 10 μL of a freshly prepared chloramine T solution (1mg·mL -1 in 0.5 M PBS pH 7.5). After intermittent stirring at room temperature for 2 min, the reaction was stopped by addition of 400 μL of a freshly prepared Na 2 S 2 O 5 solution (2 mg·mL -1 in 0.5M PBS pH 7.5). The mono-iodinated acein and acein analogues were purified by HPLC using a C18 column (elution with 0.1% trifluoroacetic acid and 10 % acetonitrile for 5 min, followed by a linear acetonitrile gradient of 10 to 40% developed over 30 min at a flow rate of 1.0 mL·min -1 .
Tables of Links
Competition and binding experiments
Competition and binding experiments were performed in binding buffer (100 mM Na 2 HPO 4 -KH 2 PO 4 pH 7.4, 4 mM MgCl 2 , 0.1% BSA) following the protocol already described (Mousseaux et al., 2006) using: (i) guinea pig whole brain membranes; (ii) guinea pig striatum membranes; (iii) CHO cell membranes prepared from CHO cells overexpressing human ACE (CHO-ACE cells) as described by Wei et al. (1991) .
Competition binding experiments were performed using a final concentration of 0.2-0.5 nM of [ 125 I]-Tyr-acein ([ 125 I]-JMV3042), in the presence of increasing concentrations of a non-labelled ligand. Assays were initiated by addition of membranes (15 μg -40 μg proteins per assay) and incubated for 40 min before filtration on Whatman GF/C filter.
Saturation binding experiments were performed using [ 125 I]-Tyr-acein over a final concentration range from 10 -11 to 10 -5 M. Non-specific binding was determined by adding a final concentration of 10 μM non-labelled H-Tyr-acein (JMV3042). Radioactivity in the membrane pellets was counted using a γ counter. All K i constants were determined using GraphPad PRISM v6 software (GraphPad Software Inc., San Diego, USA).
Competition binding experiments on crude plasma membranes of HEK293T cells expressing the angiotensin AT 1 receptor are described in the Supporting Information section.
Photoaffinity labelling of the acein binding sites
Guinea pig striatal membranes were incubated for 20 min at 30°C with the photoactivatable and radio-labelled probe [ 125 I]-Tyr-Bpa-Pro-Pro-Thr-Thr-Thr-Lys-Phe-Ala-Ala-OH ([ 125 I]-Tyr-Bpa-acein) (1.5 nM), in binding buffer containing protease inhibitors (100 mM Na 2 HPO 4 -KH 2 PO 4 pH 7.4, 4 mM MgCl 2 , 0.1 mM PMSF, 0.02% soybean trypsin inhibitor and 0.1% BSA), then irradiated on ice with UV light (365 nm -100 W) for 60 min. Photolabelling was stopped by centrifugation at 20 000 × g for 5 min at 4°C. The pellet was washed with the binding buffer containing 2% BSA, and the suspension was centrifuged for 5 min at 4°C at 20 000 × g. This washing step was repeated four times with a decreasing concentration of BSA in the washing buffer. Non-specific labelling was determined in the presence of 10 μM H-Tyr-Bpa-acein. The final pellet was suspended in SDS-PAGE buffer (62.5 mM Tris/HCl pH 6.8, 2% SDS, 10% glycerol, 5% 2-mercaptoethanol and 0.001% bromophenol blue). Samples were analysed by electrophoresis on 7% SDS-polyacrylamide gels and then dried and exposed to Kodak BioMax MS films with a Kodak BioMax TranScreen HE intensifying screen at À80°C.
Localization of acein binding sites in the rat brain
Fresh frozen (À20°C) tissue sections (16 μm thick) were dried under an air flow. They were first incubated for 10 min at 20°C in 50 mM Tris/HCl buffer with 0.5 mM EDTA, 3 mM MgCl 2 and 0.1% BSA. Sections were then incubated for 90 min at 20°C in 10 nM [ 125 I]-Tyr-acein ([ 125 I]-JMV3042) (specific activity = 2200 Ci·mmol À1 ) in 120 mM Tris/HCl buffer containing 0.1% BSA. Non-specific binding was determined in the presence of 10 μM unlabelled peptide. Sections were then washed three times for 10 min at 4°C in 50 mM Tris/HCl buffer and finally quickly rinsed in ice-cold distilled water and air-dried. All sections were exposed to Kodak Biomax X-ray films at 4°C for 15 days. The films were developed in Kodak D-19 for 3 min at 20°C.
Enzymatic deglycosylation of the protein binding sites
The presence of N-carbohydrate side chains was determined by deglycosylation analysis of the binding sites cross-linked with [ 125 I]-Tyr-Bpa-acein using the Enzymatic In-Solution N-Deglycosylation Kit (GlycoProfile II) from Sigma.
Rotational behaviour
Stereotaxic implantations. Rats were anaesthetized with chloral hydrate (400 mg·kg -1 ,i.p.) and stereotaxically implanted with a unilateral 25-gauge stainless steel cannula guide, 1.5 mm above the right dorsal striatum. The coordinates, taken from the atlas of Paxinos and Watson (Paxinos and Watson, 2007) , were: + 0.5 mm anterior, 3 mm lateral to the bregma and -4.1 mm under the skull surface. The tip of the injection needle reached -5.6 mm under the skull. Bilateral stainless steel cannula guides were implanted 0.5 mm above the sensorimotor territory of the striatum, defined by its specific cortical afferents (McGeorge and Faull, 1989; Berendse et al., 1992) , to test subsequent rotations. The coordinates were + 1.2 mm anterior, ± 4.25 mm lateral to the bregma. The cannula guide reached -2.5 mm under the skull and the tip of the injection needle reached -3 mm under the skull. Animals were used for experiments after a recovery period of 7 days.
Microinfusion procedure. Drugs and control solutions (0.9% NaCl) were injected unilaterally through the cannula guide as previously described (Sebret et al., 1999) . In the striatum, a volume of 5 μL over 2 min 20 sec was administered using a Precinorm pump (Infors, Bottminger, Switzerland) through a 30.5-gauge stainless needle attached to a 10 μL microsyringe (Hamilton) by polyethylene tubing. The stainless steel needle was 1.5 mm longer than the cannula guide and was left in situ for 60 s to allow diffusion of the drug. In the experiments carried out in the sensorimotor territory of the striatum, the stainless steel needle was 0.5 mm longer than the cannula guide and was left in situ for 60 s to allow diffusion of the drug. Drugs were injected in a volume of 0.5 μL over 1 min 32 s. The number of complete ipsilateral and contralateral rat rotations was counted for 8 min, starting 2 min after injection (Mendre et al., 1988 ) (Supporting Information).
Pharmacological treatments. Acein (JMV3041), the selective D 1 receptor antagonist SCH23390 and the selective D 2 receptor antagonist sulpiride, were dissolved in saline 0.9%. SCH23390 (0.5 mL, 25 μg·kg -1 i.p.) was injected 30 min before JMV3041 intracerebral injection. Sulpiride (0.5 mL, 50 mg·kg -1 i.p.) was injected 2 h before acein intracerebral injection. The doses of dopamine receptor antagonists were chosen in agreement with previous reports (Mazurski and Beninger, 1991; Ladurelle et al., 1997) . Control animals were injected either in the striatum (5 μL) or in the sensorimotor territory (0.5 μL) with saline 0.9% and i.p. with saline 0.9% for animal treated with dopamine receptor antagonists.
Histological control. After completion of all microinjection experiments, animals were killed with an overdose of pentobarbital (100 mg·kg -1 i.p.), brains were removed and frozen in isopentane. Coronal sections were taken at the level of striatum with a cryostat (Leica, Nussloch, Germany). Sections were mounted on gelatin-coated slides and stained with cresyl violet. The position of the cannula was estimated according to the atlas of Paxinos and Watson (Paxinos and Watson, 2007) .
Stimulation of striatal dopamine release by acein
In vitro NMDA-evoked release of [ 3 H]-dopamine in the sensorimotor territory of the dorsal striatum. Microsuperfusion was performed as previously described (Krebs et al., 2002; Gras et al., 2008) . Brains were rapidly removed and chilled in a 4°C artificial cerebrospinal fluid (CSF in mM: NaCl, 126.5; NaHCO 3 , 27.5; KCl, 2.4; MgCl 2 , 0.83; KH 2 PO 4 , 0.5; CaCl 2 , 1.1; Na 2 SO 4 , 0.5; glucose, 11.8). In each hemisphere, sagittal slices (1.2-1.5 mm) were cut with a vibratome at the appropriate laterality (4 < lateral < 5) in the sensorimotor territory, according to the atlas of Paxinos and Watson (Paxinos and Watson, 2007) . Slices were then placed into a superfusion chamber containing CSF maintained at 34°C, saturated with O 2 /CO 2 (95/5, v/v) and continuously renewed (750 μL·min -1 ). Microsuperfusion devices were vertically placed onto each selected area of the slices using micromanipulators and a dissecting microscope. Oxygenated CSF was continuously delivered through each superfusion device. This procedure allowed the superfusion of a limited volume of tissue (~0.2 mm 3 ) surrounding the inner tube of the microsuperfusion device.
The release of [ 3 H]-dopamine consisted of a labelling period (10 min, 30 μL·min -1 ) with CSF containing [ 3 H]-dopamine (1.78 TBq·mmol -1 , 0.05 μM; Perkin Elmer) and reboxetine (2 μM) to prevent [ 3 H]-dopamine uptake into other monoaminergic neurons. Tissues were then washed (40 min) with non-labelled, reboxetine-containing CSF (60 μL·min -1 ). As the NMDA-evoked response only occurs in the absence of magnesium, tissues were washed with magnesium-free CSF-NMDA (1 mM + 10 μM D-serine) alone or with acein (1 and 10 nM) for 2 min, 50 min after the beginning of the washing period. [ 3 H]-dopamine release was measured for 30 min under constant delivery of the medium used during the washing period. Superfusates were collected in 5min serial fractions and NMDA (1 mM) + D-serine (10 μM), were applied for 2 min in the fourth fractions. [ 3 H]-dopamine was counted in 200 μL aliquots of each fraction, using SuperMix liquid scintillation cocktail and a MicroBeta Trilux counter (Perkin Elmer). At the end of the superfusion, superfused tissues punched out from slices were dissolved in 200 μL 0.1 N HCl, 0.1% Triton X-100 to determine the total radioactivity contained in tissues at the end of the release period. The amount of [ 3 H]-dopamine release was expressed as a ratio of the total radioactivity calculated at the time of the collected fraction. Spontaneous release of [ 3 H]-dopamine was estimated during the two fractions preceding NMDA/D-serine application and [ 3 H]-dopamine released in each fraction was finally expressed as a percentage of the average spontaneous release. Statistical analyses were performed using SigmaStat 3,1 (Systat Software, San Jose, CA USA). In all cases, the release of [ 3 H]-dopamine during the NMDA-evoked response was determined after subtracting the corresponding spontaneous release estimated at the same time in slices not exposed to NMDA.
In vivo effect on the monoaminergic system in the striatum, using a brain dialysis procedure. The microdialysis probes used in the present investigation were of a vertical, concentric design and incorporated a dialysis membrane with an active length of 2 mm, as well as an injection cannula independent from the membrane (Microbiotech, Stockholm, Sweden), with a molecular size cut-off of 6 kDa. They were connected to a perfusion system previously described (Ladurelle et al., 1995) . Seven days before microdialysis experiments, rats were anaesthetized with chloral hydrate (400 mg·kg -1 i.p.) and stereotaxically implanted with a microdialysis probe guide cannula unilaterally inserted to a position 2 mm above the sensorimotor territory of the striatum, at the following coordinates: anteroposterior, + 1.2 mm, and lateral, + 3.5 mm from bregma and dorsoventral, -3 mm, from skull surface (Paxinos and Watson, 2007) . The guide was secured in place using skull screws and fast-curing dental cement. The evening before microdialysis experiments, the probe was inserted into the unilaterally implanted guide cannula and the rats were put into individual black boxes (40 × 40 × 40 cm) with free access to food and water to habituate them to this new environment and to the microdialysis system. Microdialysis probes were continuously perfused with a CSF (in mM: NaCl 140, KCl 4, CaCl 2 1.2, MgCl 2 1.4, NaH 2 PO 4 0.1, Na 2 HPO 4 1.9, pH = 7.4) at a rate of 2 μl·min by means of a Precinorm pump. After 2 h equilibration period of perfusion, dialysate samples were collected every 20 min. The baseline was established by four consecutive samples. Using a Precinorm pump, 5 fmol acein were then injected directly into the striatum through the injection cannula of the microdialysis probe attached to a 10 μL microsyringe (Hamilton) by polyethylene tubing, in a volume of 0.5 μL over 1 min 32 s. Dialysate samples were collected in vials and immediately stored at -80°C until they were analysed by HPLC. They were injected into a 20 μL sample-loop of an HPLC apparatus and measurement of monoamines and metabolites was made by means of electrochemical detection (Decade, Antec) at a potential of 750 mV following reverse-phase liquid chromatography (HPLC), on a 10 cm column (Colochrom, 3.2 mm diameter, 3 μm C-18 packing). The mobile phase consisted of an acetate buffer containing 100 μM EDTA, 1 mM octanesulfonic acid and 4 % (v/v) acetonitrile at pH 3.1, and was delivered at a flow rate of 1 ml·min -1 .
Histological
control. After the completion of all microinjection and microdialysis experiments, the animals were overdosed with pentobarbital (100 mg·kg -1 i.p.), brains were removed and frozen in isopentane at -20°C. Coronal sections were taken at the level of striatum with a cryostat. The sections were mounted on Superfrost R Plus slides and stained with cresyl violet. The position of the cannula was estimated according to the atlas of Paxinos and Watson (Paxinos and Watson, 2007) .
UV cross-linking of JMV5394 to guinea pig striatal membranes
Crude striatal membrane proteins (40 μg; 0.5 μg·μL À1 per assay) were incubated either with 50 nM JMV5394 for 40 min at 30°C in binding buffer containing 1 g·L À1 BSA, in polypropylene haemolysis tubes, with no other addition, or in the presence of an excess of H-Tyr-acein (JMV3042). The content of each tube was cooled on ice for 15 min and then transferred to a 12-well Nunclon plate and irradiated with UV light at 365 nm for 60 min at 4°C. Cross-linked membranes were then recovered by centrifugation (20 000 × g, 10 min, 4°C), and stored at À 80°C before subsequent analysis.
UV cross-linking of JMV5394 to rabbit lung ACE
Purified rabbit lung ACE (4 μg) was incubated either with 50 nM of JMV5394 for 40 min at 30°C in binding buffer containing 1 g·L À1 of BSA, in polypropylene haemolysis tubes, with no other addition, or in the presence of an excess of H-Tyr-acein or of ghrelin (Kojima et al., 1999) . The content of each tube was cooled on ice for 15 min, transferred to a 24-well Nunclon plate and irradiated with UV light at 365 nm for 60 min at 4°C. Then, mixtures were collected and stored at À 20°C before subsequent analysis.
Western blot analysis
Proteins were resolved by SDS-PAGE, 10% acrylamide gels; transferred to nitrocellulose membrane; and blocked for 60 min with 5% (w/v) non-fat milk in Tris-HCl buffered saline containing 0.1% (v/v) Tween 20 (TBS-T). The ACE protein was detected with an anti-ACE antibody (incubated at 4°C, overnight) followed by incubation with goat anti-mouse HRP-conjugated antibody. Biotinylated proteins were detected with streptavidin overlay with a Vectastain Elite ABC system according to the provider's instruction. In both cases, after extensive washes with TBS-T, relevant proteins were detected and visualized by ECL advance (GE Healthcare, Little Chalfont, UK).
Pull down of the biotinylated ligand-receptor complex
Striatal membrane proteins (400 μg) were UV cross-linked to 50 nM of JMV5394 as described earlier, followed by sonication in 650 μL of pull-down buffer (20 mM Tris-HCl, 150 mM NaCl, 0.1% (w/v) SDS at pH 7.4, supplemented with protease inhibitors). After 60 min gentle stirring at room temperature, non-solubilized proteins were discarded by centrifugation at 16 000 × g for 10 min at 4°C, and the supernatant was incubated with 25 μL of streptavidin agarose resin for 90 min at room temperature. Agarose resin was discarded by centrifugation at 2500 × g for 1 min. The supernatant, which contained the JMV5394-receptor complex, was saved, and proteins were reduced for 30 min at 60°C with 10 mM DTT followed by incubation with 30 mM iodoacetamide for 60 min at room temperature, in the dark. The mixture was then adjusted to 900 μL with pull-down buffer and residual biotinylated proteins were pulled-down with 25 μL of streptavidin agarose resin for 90 min at room temperature. The agarose resin was extensively washed with 3 mL of 20 mM Tris-HCl, 500 mM NaCl, 0.1% (w/v) SDS, pH 7.4 and then with 2 mL of pull-down buffer. Pull-downed proteins were eluted at 95°C for 15 min in SDS-PAGE buffer (2% SDS, 200 mM DTT, 50 mM Tris-HCl, pH 6.8, 10% glycerol, 1 mM EDTA and 0.1% bromophenol blue) and resolved by 10% SDS-PAGE.
Silver staining
SDS-PAGE gels were stained with SilverQuest staining kit according to the provider's instructions.
Mass spectrometry analysis
Protein separation and trypsin digestion. Samples were separated by a 10% SDS PAGE after 15 min (97°C) denaturation. Silver colouration and enzymic in-gel digestion were performed according to the Shevchenko modified protocol (Wilm et al., 1996) . Briefly, digestion was performed overnight at 30°C, with shaking, with 800 ng trypsin (Gold, Promega) in 50 mM triethylammonium bicarbonate buffer. Tryptic fragments were extracted with 50% acetonitrile and 5% formic acid and dehydrated in a vacuum centrifuge.
Identification by nano LC-MS/MS. Generated peptides were solubilized in 6 μL of 0.1% formic acid and 2% acetonitrile and analysed online by nano-flow HPLC-nanoelectrospray ionization using a LTQ Orbitrap XL mass spectrometer (Thermo Fisher Scientific, Waltham, USA) coupled with an Ultimate 3000 HPLC (Thermo Fisher Scientific). Desalting and pre-concentration of samples were performed online on a Pepmap® precolumn (0.3 mm × 10 mm; Thermo Fisher Scientific). A gradient consisting of 0-40% B for 60 min, followed by 80% B/20% A for 15 min (A = 0.1% formic acid, 2% acetonitrile in water; B = 0.1% formic acid in acetonitrile) at 300 nL·min À1 , was used to elute peptides from the capillary (0.075 mm × 150 mm) reversed-phase column (Acclaim® PepMap100 C18; Thermo Fisher Scientific), fitted with an uncoated silica PicoTip Emitter (NewOjective, Woburn, MA, USA). Eluted peptides were electrosprayed online at a voltage of 2.20 kV into an LTQ Orbitrap XL mass spectrometer. Source parameters were adjusted as follows: ion spray voltage, 2.20 kV; capillary voltage, 43 V; and tube lens, 120 V. A cycle of one full-scan mass spectrum (400-2000 m/z) at a resolution of 60 000 (at 400 m/z), followed by five data-dependent MS/MS spectra, was repeated continuously throughout the nano LC separation. Data were acquired using the Xcalibur software (v 2.0.7, Thermo Fisher Scientific).
All MS/MS spectra were recorded using normalized collision energy (35%, activation Q 0.25 and activation time 30 ms) with an isolation window of 3 m/z. For all full scan measurements with the Orbitrap detector, a lock mass ion from ambient air (m/z 445.120024) was used as an internal calibrant as described (Olsen et al., 2005) . All MS/MS spectra were searched against the Cavia porcellus entries (20 368 entries) of either Swiss-Prot or TrEMBL databases (release 2013_03; http://www.uniprot.org/) by using the Proteome Discoverer v1.4 software (Thermo Fisher Scientific) and the Mascot v2.4 algorithm (Matrix Science, http://www. matrixscience.com/) with trypsin enzyme specificity and one trypsin-missed cleavage. Carbamidomethyl was set as fixed cysteine modification. The search was also performed allowing the following variable modification: oxidation (M). The mass tolerances in MS and MS/MS were set to 5 ppm and 0.5 Da respectively. The instrument setting was specified as 'ESI-TRAP' for identification. Management and validation of MS data were performed using the Proteome Discoverer software (peptide identifications were accepted based on their false discovery rate (<5%).
Continuous fluorescent assay of ACE activity from purified rabbit lung ACE and CHO-ACE cell membranes
The enzymic activity of either CHO-ACE membranes (6 μg) or purified rabbit ACE was assayed by continuous fluorescent assay with 10 μM of the internally quenched fluorescent peptide Abz-FRK(Dnp)P-OH (Carmona et al., 2006) as substrate and determined at 37°C in a buffer containing 90 mM Tris-HCl, 90 mM NaCl, 18 μM ZnSO 4 and pH 7.2, in a 96-well flat black plate. The hydrolysis of Abz-FRK(Dnp)P-OH into the dipeptide Abz-FR was monitored every 0.5 min for 30 min with the Tekan Infinite 200 PRO fluorimeter by measuring fluorescence at λex = 320 nm and λem = 420 nm. The slope, representing the relative activity of ACE, was calculated by linear regression from 5 to 30 min of the time course by Magellan data analysis software (Tekan). The assay was also performed in the presence of either captopril or lisinopril, two selective ACE inhibitors.
Data and statistical analysis
These studies complied with the recommendations on experimental design and analysis in pharmacology (Curtis et al., 2015) . Data of in vitro binding, saturation and enzyme experiments are at least from 3 to 5 separate experiments performed in duplicate and are expressed as means ± SEM unless otherwise stated. In vitro and in vivo data of striatal dopamine release are expressed as means ± SEM and values are from 9 separate experiments. Behavioural data are expressed as means ± SEM for each parameter in the diverse groups of treatment. The statistical analysis of these results consisted of a one-way (treatment) ANOVA and a Newman-Keuls or Tukey's test for multiple comparisons. A Dunnett test was used for comparison with control group. The 5% level (P < 0.05) for statistical significance was chosen a priori.
Materials
Amino acid derivatives, p-benzoyl-phenylalanine (Bpa), biotin and amino hexanoic acid were from IRIS-Biotech, Germany. Streptavidin agarose resin (#20361) was purchased from Pierce, anti-ACE antibody was purchased from Abcam Cambridge, MA, USA (# ab11734), purified ACE from rabbit lung (#A6778) and its fluorescent substrate o-aminobenzoic acid (Abz)-FRK[2,4-dinitrophenyl (Dnp)]P-OH (#A4980) were purchased from SIGMA ALDRICH, St Louis, MO, USA. Captopril and lisinopril were obtained from SIGMA-ALDRICH, St Louis, MO, USA. Vectastain Elite ABC system (#PK-6100) was from Vector Laboratories (Burlingame CA, USA). SilverQuest ™ staining kit was purchased from Invitrogen (Cergy-Pontoise, France). CHO-ACE cells with no mycoplasma contamination were used to prepare membranes and were provided by P. Corvol and A. Michaud (Collège de France, Paris).
Results
Binding experiments to guinea pig brain membranes
Saturation experiments carried out with [ 125 I]-Tyr-acein, followed by non-linear regression analysis of saturation binding data, revealed that the peptide recognized a single class of binding sites in guinea pig whole brain membranes (correlation coefficient 0.93), with high affinity (K d = 0.89 ± 0.25 nM) and a maximal number of binding sites (B max ) of 78.5 ± 5.0 fmol·mg À1 protein ( Figure 1A) . Binding was saturable and specific. In competition experiments, acein displaced [ 125 I]-Tyr-acein from whole brain guinea pig membranes with high affinity (K i = 5 ± 1 nM) (Table 1) . On whole brain guinea pig brain membranes, at 1 μM, neither cholecystokinin, neurotensin, substance P, Leu-enkephalin, Met-enkephalin, bombesin, nociceptin nor neurotransmitters, such as dopamine, 5-HT and GABA, were able to displace labelled acein from its binding sites (Table S1) . Similarly, H-Tyr-acein (1 μM) did not displace labelled angiotensin II on HEK 293T cells expressing AT 1 receptors (n = 5).
Localization of peptide binding sites
Autoradiography with [ 125 I]-Tyr-acein revealed acein binding sites in both the substantia nigra and the striatum of rat ( Figure 2 ). The sagittal section indicated the presence of an intense labelling in the choroid plexus and the fourth ventricle, with weaker labelling in the cerebellum (Figure 2A) . The coronal section of the striatum exhibited a higher density of peptide binding sites in the sensorimotor, compared with the limbic striatum ( Figure 2B ). There was no labelling observed in the nucleus accumbens. Labelling in the substantia nigra ( Figure 2C ) was mainly in the substantia nigra pars reticulata.
Binding experiments with guinea pig striatal brain membranes
In accordance with autoradiography experiments, [ 125 I]-Tyracein bound to a single class of binding sites on guinea pig striatal membranes (correlation coefficient 0.89), with high affinity (K d = 0.71 ± 0.26 nM), and a maximal number of binding sites of 830 ± 94 fmol·mg À1 protein ( Figure 1B) .
Behavioural effects of acein
We investigated the behavioural effect of acein in rats, following single direct unilateral injection within the dorsal striatum. This well-known model indicates dopaminomimetic effects when rats are prompted to rotate in tight head to tail turns (Mendre et al., 1988) ; Acein (5 and 50 fmol) injected in the right dorsal striatum induced a significant increase of contralateral rotations (reverse to the injection site) (n = 10) [(F (3,36) = 2.164, P = 0.03], [P < 0.05 vs. control (saline 0.9%), Dunnett's test] ( Figure 3A) . No significant modification of rearing and ipsilateral rotation was observed.
To validate the involvement of dopamine, the effect of dopamine receptor antagonists was investigated. While neither of the D 1 or D 2 receptor antagonists used (25 μg·kg À1 of the D 1 receptor selective antagonist SCH23390 or 50 mg·kg À1 of the selective D 2 receptor antagonist sulpiride) modified the behaviour of control rats in the test, they decreased the contralateral rotations induced by 50 fmol acein (n = 9) [F (5,46) = 6.530, P = 0.0001], [P < 0.01 vs. control (saline 0.9%)] ( Figure 3B) .
Given the heterogeneous distribution of the peptide binding sites within the dorsal striatum, acein was injected in the sensorimotor territory. The total number of rotations was increased upon injection of acein (0.5 and 5 fmol) in this territory (n = 10) [F (2,28) = 15.611, P < 0.001], (P < 0.001 vs. control, Dunnett's test) ( Figure S1 ).
Stimulation of in vitro and in vivo striatal dopamine release by acein
To provide direct evidence for an action of acein on the striatal dopaminergic transmission, we measured the dopamine release from rat striatal slices taken from the sensorimotor territory. [ 3 H]-dopamine release was monitored by both 
Table 1
Structure and binding characteristics of acein and analogues on guinea pig brain and CHO-ACE membranes Biot-Ahx-Tyr-Bpa-Pro-Pro-Thr-Thr-Thr-Lys-Phe-Ala-Ala-OH JMV5394 5 ± 2 15 ± 5 H-Pro-Pro-Thr-Thr-Thr-Lys-Phe-Ala-(D)Ala-OH JMV3068 >1000 >500
Competitive inhibition assays were performed on guinea pig whole brain membranes that were incubated with 0. microperfusion and scintillation counting. The [ 3 H]-dopamine release evoked by the glutamate receptor agonist NMDA (1mM), given together with D-serine (10μM), was almost double the basal release (increased by 97 ± 8%). Adding acein to the NMDA+D-serine stimulus increased dopamine release further to 240 ± 14% basal for 1 nM acein and to 281 ± 14% basal for 10 nM acein (n = 9; one-way ANOVA, F (2,28) = 12.6 (P < 0.001); Tukey's test, P < 0.05). This effect of acein was concentration-dependent (P<0.05) but dopamine release was not affected by treatment of the slices with acein alone.
To explore the ability of acein to regulate monoaminergic transmission in the striatum, dopamine release was quantified in vivo. Direct single injection of 5 fmol acein into the sensorimotor territory of dorsal striatum of rats rapidly produced a significant increase in dopamine efflux (Figure 4) , inducing a maximal response 20 min after the injection, to about five-fold the pre-injection, basal, values (P < 0.001 vs. control, Dunnett's test). The efflux then decreased and returned to the basal value by 80 min after the injection. No effect was observed when saline was injected (F (1,14) = 4.68; P > 0.05).
Identification of the striatal protein target for acein
Cross-linking experiments on both whole and striatal guinea pig brain membranes using [ 125 I]-Tyr-Bpa-acein revealed a single protein band of about 160 kDa ( Figure 5A and B) , which was glycosylated ( Figure 5C) , with no indication of subunit composition linked through inter-disulphide bonds ( Figure 5D ).
To identify the striatal protein target of acein, we implemented a photoaffinity UV cross-linking approach combined with subsequent affinity purification of the covalent ligand-target complex. We synthesized a photoactivatable derivative of acein (JMV5394), containing a N-terminal aminohexanoic acid spacer flanked between the UV photoreactive Bpa and biotin, for further streptavidin affinity isolation of the biotinylated ligand-receptor complex. JMV5394 displayed high affinity for guinea pig brain membranes (K i = 5 ± 2 nM) ( Table 1) . UV light irradiation of JMV5394 pre-incubated with guinea pig striatal membranes followed by resolution of proteins by SDS-PAGE and streptavidin overlay resulted in the detection of a single and specific band of approximately 160 kDa. When JMV5394 cross-linking was carried out in the presence of an excess of H-Tyr-acein, this band was absent ( Figure S2A ). These data indicated that UV cross-linking of JMV5394 to striatal membranes induced specific and irreversible formation of a biotinylated JMV5394-protein complex.
Figure 3
Acein-induced contralateral rotations in rat. (A) After unilateral injection of 0.5, 5 and 50 fmol acein (JMV3041) into the rat striatum. Data are expressed as means ±SEM (n = 10) [(F (3,36) = 2.164, P = 0.03]. *P < 0.05 versus control (saline 0.9%), Dunnett's test. (B) Effect of selective D 1 or D 2 receptor antagonists. SCH23390 (Sch) (25 μg·kg À1 ) was injected i.p. 30 min before acein (50 fmol). Sulpiride (Sulp) (50 mg·kg À1 ) was injected i.p. 2 h before acein (50 fmol). Data are expressed as means ±SEM (n = 9) [F (5,46) = 6.530, P = 0.0001]. **P < 0.01 versus control (saline 0.9%) acein-treated rats, Newman test.
Figure 2
Binding sites labelling with [ 125 I]-Tyr-acein ([ 125 I]-JMV3042). (A) On sagittal rat brain sections, (B) on coronal rat brain sections at the striatum level and (C) on coronal rat brain sections at the substantia nigra level. Non-specific binding was determined using 10 μM acein.
The figure is representative of five separate experiments.
The resulting biotinylated JMV5394-protein complex was pulled down using streptavidin agarose beads, followed by migration on SDS-PAGE and then detected by streptavidin overlay. A single biotinylated protein (~160 kDa) was detected. The same protein was also detected by silver-stained detection of pulled-down proteins ( Figure S2B ). To fully characterize protein contents in this band, it was extracted, digested and submitted to MS/MS analysis. Only peptide sequences corresponding to a~151 kDa protein, named H0UWL7_CAVPO, from C. porcellus, were identified by MS/MS in the sample (Table S2 and Figure S2C ). As H0UWL7_CAVPO was an uncharacterized protein, we blasted its amino acid sequence against UniProtKB/Swiss-Prot database and found that it shared a high degree of identity with rabbit, chimpanzee, human, rat and mouse ACE I (Bernstein et al., 2013) (Figure S2D) , thereby suggesting that this peptidase was a target for acein.
Validation of ACE as the protein target for acein
To confirm that ACE was the striatal protein target for acein, JMV5394 was first UV cross-linked to striatal membranes to induce formation of the biotinylated JMV5394-protein complex. Then, biotinylated proteins were pulled down with the streptavidin agarose resin, and the presence of ACE in pulldown complexes was examined after SDS-PAGE and Western blot analysis, using a monoclonal anti-ACE antibody. ACE was pulled down only in the absence of an acein excess, indicating the formation of an irreversible biotinylated JMV5394-ACE complex following UV light irradiation ( Figure S3A ). To further confirm that JMV5394 was bound to ACE, JMV5394 was pre-equilibrated with purified rabbit lung ACE, and after UV irradiation, formation of the biotinylated JMV5394-ACE complex was examined by streptavidin overlay. The JMV5394-rabbit ACE complex was indeed detected ( Figure S3B ). Cross-linking of JMV5394 to rabbit ACE was 
Figure 4
Acein-induced in vivo dopamine release in the rat striatum. Acein (JMV3041) (5 fmol) was injected into the sensorimotor territory of dorsal striatum. Dopamine (DA) efflux was measured for 80 min (n = 9 for each control and acein-treated groups). Results are expressed as the percentage of basal dopamine levels before any injection (means ± SEM: 1.88 ± 0.72 pg·μL À1 , control group saline 0.9% and 1.44 ± 0.51 pg·μL À1 , acein-treated group). These values correspond to the mean of the four samples collected every 20 min for the 80 min preceding the injection time. 100% = 1.76 pg·μL À1 (mean of the two basal values).
***P < 0.001 versus control, Dunnett's test.
specific and inhibited by an excess of H-Tyr-acein, but not by an excess of the unrelated peptide ghrelin (Kojima et al., 1999) . Taken together, these findings confirmed ACE as a striatal protein target for acein.
Binding experiments to CHO cells overexpressing human ACE (CHO-ACE cells)
For further validation, we performed binding experiments using CHO cells overexpressing human ACE (Wei et al., 1991) . Saturation experiments carried out with CHO-ACE cell membranes using [ 125 I]-Tyr-acein, followed by non-linear regression analysis of saturation binding data, revealed that this peptide recognized a single class of binding sites (correlation coefficient 0.97), with high affinity (K d = 2.79 ± 1.53 nM) and a maximal number of binding sites of 10 200 ± 3100 fmol·mg À1 protein ( Figure S4 ). In competition experiments, acein, H-Tyracein and JMV5394 were able to displace [ 125 I]-Tyr-acein with high affinity, on both guinea pig whole brain membranes and CHO-ACE cell membranes (Table 1 , Figure S5 ). The acein analogue JMV3068, bearing a C-terminal D-Ala residue, had low affinity. Unexpectedly, captopril and lisinopril, two selective ACE inhibitors, displaced only about 50% [ 125 I]-Tyr-acein from its binding sites, with lower affinity (IC 50 = 379 and 90 nM respectively) ( Figure 6A ), suggesting acein bound to ACE at sites different from that for the ACE inhibitors. Similar results were obtained on guinea pig striatal membranes in which captopril and lisinopril (IC 50 > 1 μM and 145 nM respectively) were again unable to completely displace [ 125 I]-Tyr-acein from its binding sites ( Figure 6B ).
Effect of H-Tyr-acein on ACE enzymic activity
We further asked whether H-Tyr-acein might affect ACE enzymic activity either from CHO-ACE cell membranes ( Figure 7A ) or from purified rabbit lung ACE ( Figure 7B ), as measured by hydrolysis of the fluorescent ACE substrate Abz-FRK(Dnp)P-OH (Carmona et al., 2006) . No significant effect of H-Tyr-acein (up to 500 nM) on the peptidase activity was observed, either on CHO-ACE cell membranes or on purified rabbit lung ACE. As expected, captopril and lisinopril completely inhibited ACE peptidase activity in these preparations ( Figures 7A and C ).
Discussion
We have synthesised a nonapeptide, H-Pro-Pro-Thr-Thr-Thr-Lys-Phe-Ala-Ala-OH, which was named acein, which binds with high affinity and specificity to brain membranes of guinea pigs and rats. Acein binding sites were mainly localized in the dorsal striatum and substantia nigra areas of brain, where membrane-bound ACE is largely found (Zhuo et al., 1998; Sonsalla et al., 2013; Labandeira-Garcia et al., 2014) .
In accordance with the known ACE localisation, there was a heterogeneous distribution of peptide binding sites within the striatum. Autoradiographic visualization of [ 125 I]-Tyracein and [ 3 H]-captopril binding sites (Strittmatter et al., 1984) overlapped in the rat brain. We confirmed that acein was able to bind with high affinity to CHO-ACE cell membranes and that ACE was a target for acein. We showed that acein at low doses exhibited a dopaminomimetic effect in rats. Interactions with the dopaminergic system were confirmed by using D 1 (SCH23390) and D 2 (sulpiride) dopamine receptor antagonists, which both prevented the behavioural effects induced by acein. In addition, we showed that acein stimulated, in vitro, the NMDA-evoked release of dopamine in rat brain slices and, in vivo, dopamine release in rats. These results suggest that the action of acein, associated with dopamine release, could be related to a peptidase-independent, unknown function of brain ACE, whose mechanism of action is still to be clarified.
ACE is a well-characterised, zinc-dependent, peptidyldipeptidase, widely studied for its role in the control of blood pressure by production of angiotensin II from angiotensin I and by degradation of bradykinin (Bernstein et al., 2013) . However, the enzyme is also involved in a large range of biological activities through its peptidase activity. In addition to the classical circulating humoral renin-angiotensin system (RAS), in which ACE plays a central role, there exists a second RAS or local/tissue RAS in many tissues, including brain tissue (Re, 2004 ) that contains the different components of the circulating RAS (von Bohlen und Halbach and Albrecht, 2006) , with no particular activity, unrelated to its peptidase activity described so far. Although the precise role of brain RAS remains unclear, a number of recent reviews have highlighted its significance in age-related neurodegenerative changes (Savaskan, 2011; Saavedra, 2012; Ohshima et al., 2013; Naffah-Mazzacoratti et al., 2014) . Among the components of the brain RAS, ACE has been identified as a key player, having an increased activity in ageing, resulting in neurodegeneration, which induces learning, memory impairments and dementia. Besides, several studies have demonstrated relationships between RAS, angiotensin derivatives and dopamine (Labandeira-Garcia et al., 2014) , which are critical for movement, motivation and cognition (Rice et al., 2011) .
Some studies indicate that angiotensin II stimulates in vitro and in vivo the release of dopamine in the striatum of rats (Simonnet and Giorguieff-Chesselet, 1979; Mendelshon et al., 1993) . For instance, angiotensin II induces turning behaviour in 6-hydroxydopamine lesioned rats, while no effect on normal rats was observed. This effect was blocked by the AT 1 receptor antagonist losartan, suggesting that dopamine release was mediated by AT 1 receptors (Jenkins et al., 1995) . Using ACE inhibitors, some authors have shown that ACE might be indirectly involved in modulation of dopamine release. In one study, a single dose of the ACE inhibitor ceranapril (10 μg·kg À1 , i.p.) increased dopamine release in the amygdala, with no significant changes in the striatum (Barnes et al., 1992) . In another study, treatment (1 week p. o.) with 1 mg·kg À1 ·day À1 perindopril, an ACE inhibitor shown to cross the blood brain barrier, induced a nearly 2.5 times increase in striatal dopamine levels (Jenkins et al., 1997 , Jenkins, 1998 . Also, captopril (10 μM) significantly inhibited stimulation-evoked [ 3 H]-dopamine release from rat striatal slices, in a concentration-dependent manner, while the basal release of [ 3 H]-dopamine was not affected (Tsuda et al., 1998) . In our study, we showed that H-Tyr-acein did not recognize the AT1 receptor. Taken together, these results show that relations between ACE, its products including mainly angiotensin II, and dopamine release are still not clearly understood.
Deregulation of dopaminergic transmission is known to be involved in a wide number of pathologies including Parkinson's disease (PD) (Labandeira-Garcia et al., 2012) , in which evidence for RAS involvement has been accumulating over the last decade (Mertens et al., 2010) . Because the dopamine precursor L-DOPA, although not fully satisfactory, is currently one of the most effective treatments for the relief of the motor symptoms of the disease, any therapeutic approach targeting stimulation of dopamine release for treatment of PD could constitute a promising alternative.
The potential of the brain RAS as a target for Alzheimer's disease (AD) comes from the observation of its effects on learning and memory (Gard, 2004) . In support of these findings, ACE inhibitors and angiotensin analogues enhanced cognitive processing, being effective in delaying or reversing symptoms of AD or PD in both human and animal models (Ohrui et al., 2004; Kehoe and Wilcock, 2007; Yamada et al., 2011) . On the other hand, some studies have indicated that ACE significantly inhibited the aggregation, deposition and cytotoxicity of amyloid β peptide in vitro, by degrading amyloid β(1-40) (Hu et al., 2001) .
Based on the results concerning the relationships between angiotensin II, its derivatives, ACE inhibitors and dopamine release (Wright and Harding, 2004 ) (Labandeira-Garcia et al., 2014), angiotensin II, its derivatives and ACE inhibitors have been evaluated in neurological disorders, including PD and AD. However, although the different studies have pointed out the significance of RAS in the brain, its precise role is still unclear, and the protective effects of ACE products and ACE inhibitors in neurodegenerative diseases, particularly in PD and AD, remains largely misunderstood (Soto et al., 2013; Wright et al., 2013) .
In conclusion, this study shows that acein, a synthetic peptide with specific structural characteristics, interacts with high affinity with brain membrane-bound ACE of rodents, at a different site from the active site involved in the wellknown peptidase activity.
Acein was able to induce in vivo and in vitro stimulation of dopamine release from rat brain tissue. While the mechanism of action of acein is still unknown, this presynaptic stimulation of dopamine release could be direct or indirect, through other striatal neurotransmitters. Accordingly, although far from being fully demonstrated, it is a possibility that ACE not only possesses an enzymic peptidase activity but that it might also be associated with stimulation of dopamine release, exhibiting a receptor-like biological activity, in addition to its well-known peptidase activity. In this case, brain ACE could provide a new target for ligands that might interact with the mechanisms underlying brain diseases, particularly those in which dopamine is involved. Acein would be the first described candidate able to interact with this target. These results might suggest a more important role for brain ACE than initially described.
Additionally, considering interactions between the RAS and the dopaminergic system, the role of acein has also to be investigated in the peripheral system, in particular with regard to the regulation of renal sodium excretion and cardiovascular functions.
Supporting Information
Additional Supporting Information may be found in the online version of this article at the publisher's web-site: http://dx.doi.org/10.1111/bph.13424 Figure S1 Acein-induced contralateral rotations of rat, after 0.5 and 5 fmol acein (JMV3041) injection in the sensorimotor territory of the dorsal striatum. (n = 10) [F( 2,28 ) = 15.611, P < 0.001]. ***P < 0.001 vs control, Dunnett's test. Figure S2 Mass spectrometry identification of ACE as the striatal protein target of acein. (A) 40 μg of guinea pig striatal membrane proteins were incubated with 50 nM of Biot-Ahx-Tyr-Bpa-Pro-Pro-Thr-Thr-Thr-Lys-Phe-Ala-Ala-OH (JMV5394) in the absence or in the presence of 5 μM of H-Tyr-acein (JMV3042) and then UV-irradiated. The resulting biotinylated proteins were analysed by SDS-PAGE followed by streptavidin overlay to detect biotinylated proteins (n = 3). (B) 800 μg of striatal membrane proteins were UV crosslinked to JMV5394, pulled-down with streptavidin and proteins were revealed with silver staining following SDS-PAGE (n = 3). (C) Two gel slices corresponding to the specific band were cut out in control (C) and test (T) lanes and proteins were in-gel digested with trypsin. The resulting peptides were submitted to MS/MS analysis for protein identification. Figure S2C shows the six top hits resulting from MS/MS protein identification and the number of unique peptides that led to these identifications. The complete list of proteins that were identified MS is provided in/MS is provided in Table S2A of Supporting Information. (D) H0UWL7_CAVPO amino acid sequence was blasted against UniProtKB/Swiss-Prot protein database using protein-protein blast algorithm (Blast-p). The Table  shows the five top hits resulting from this interrogation. Figure S3 Validation of ACE as the target of acein. (A) 400 μg of guinea pig striatal membrane proteins were incubated with 50 nM of Biot-Ahx-Tyr-Bpa-Pro-Pro-Thr-Thr-Thr-Lys-Phe-Ala-Ala-OH (JMV5394) in the absence or in the presence of 5 μM of H-Tyr-acein (JMV3042) and UV-irradiated. The resulting biotinylated proteins were pulled-down with agarose resin coupled to streptavidin and the presence of ACE proteins was examined by Western blot analysis using an anti-ACE antibody (n = 2). (B) 4 μg of purified rabbit lung ACE were incubated with 50 nM of JMV5394 either in the presence of 1 μM of H-Tyr-acein or in the presence of 1 μM of ghrelin, followed by UV irradiation. 15 % of the resulting protein mixture was resolved by SDS-PAGE, transferred to nitrocellulose membrane and immunoblotted with the anti-ACE antibody (top panel). Then, the formation of the JMV5394-ACE complex was examined by streptavidin overlay on the same nitrocellulose membrane (lower panel) (n = 3). Figure S5 Binding properties of acein analogues to CHO-ACE cell membranes. Competition curves were obtained with 0.5 nM [ 125 I]-Tyr-acein ([ 125 I]-JMV3042) as tracer ligand. Ki constants were determined using GraphPad PRISM v6 software. Data are means of 3 separate experiments, each performed in duplicate. Table S1 Compounds tested for their ability to displace [ 125 I]-Tyr-acein ([ 125 I]-JMV3042) from its binding sites on whole guinea pig brain membranes. None of the tested compounds at 1 μM concentration was able to significantly displace labelled acein from its binding sites. Table S2 Summary of MS/MS data that led to the identification of H0UWL7_CAVPO protein as the striatal target of acein. (A), Complete list of proteins identified by MS/MS analysis in the test gel slice (T) and in the corresponding control gel slice (see also Figures S2C, S2D) . The percent amino acid coverage for each protein and the number of unique peptides identified in each gel slice are also listed. (B) List of tryptic peptides that led to H0UWL7_CAVPO protein identification by MS/MS analysis.
